Summary Male meiotic studies have been performed on three wild accessions of Arthraxon hispidus scored from Parvati valley and Solang valley of Kullu district in Himachal Pradesh. The accessions shared the same diploid chromosome number of 2n=30 and added a variable dysploid chromosome report for the species against the earlier reports of 2n=18, 36, 38, 40. Multiple chromosomal associations due to structural heterozygosity for reciprocal translocations involving four to six chromosomes seem to have increased the chiasma frequency in meiocytes. Owing to adjacent type orientation of multiple chromosomal associations coupled with some meiotic irregularities, the studied accessions also related with some pollen sterility.
Plants of A. hispidus were collected from the three populations, Vashisht village (2475 m), Kothi (2500 m) and Malana village (2652 m) in the district Kullu, Himachal Pradesh during the months of April-May, 2016 (Table 1) . Plants of A. hispidus were identified on the basis of previous studies (Chowdhery and Wadhwa 1984 , Dhaliwal and Sharma 1999 , Singh and Rawat 2000 . The specimens were further authenticated by comparing with the samples in the Herbaria, Botanical Survey of India, Dehra Dun, Department of Botany, Punjabi University, Patiala and Forest Research Institute, Dehra Dun. Duly identified specimens of the worked plants were deposited in the Herbarium, Department of Botany, Punjabi University, Patiala.
For meiotic chromosome counts, young spikes of each specimen were fixed in a Carnoy s fixative (glacial acetic acid: chloroform: ethanol=1 : 3 : 6) for 24 h and subsequently stored in 70% ethanol in a refrigerator. A total of 50-100 in pollen mother cells (PMCs) were examined for determining the chromosome number, while 35-70 slides prepared from different anthers for analysis of meiotic abnormalities during late prophase I, metaphase I (MI), and transitional period between anaphase I to telophase I (AI-TI) and anaphase II to telophase II (AII-TII). Pollen fertility was estimated through stainability test for which anthers from mature florets were squashed in glycerol-acetocarmine mixture (1 : 1). Pollen grains with uniformly stained cytoplasm were scored as fertile, while unstained or poorly stained pollen grains were counted as sterile. Photomicrographs of chromosome counts, sporads and pollen grains were taken using a Nikon Eclipse 80i microscope. For statistical analysis, one-way analysis of variance (one-way ANOVA) is applied by using Microsoft Office Excel 2007.
Results and discussion
All A. hispidus plants from the three populations of the Kullu district showed the 15 bivalents at MI (Fig.  1A) and 15 : 15 equally segregated chromosomes at AI (Fig. 1B) indicating that gametic chromosome number is n=15. In these plants also observed ring-shaped quadrivalents ( Fig. 1C-E) , chain-shaped quadrivalent (Fig.  1F ) and hexavalent (Fig. 1G) , therefore there might be reciprocal translocation among four to six chromosomes. Besides multiple association of chromosomes, the meiocytes exhibited some meiotic aberrations (Table 2) which include chromatin stickiness (Fig. 1H) , non-synchronous disjunction of bivalents (Fig. 1I, J) , chromatin bridges ( Fig. 1K) and laggards (Fig. 1L, M) . Sporads with micronuclei (Fig. 1N ) might be resulted consequent to these meiotic irregularities. These abnormalities in sporads might result into pollen sterility ( showed the lowest frequency (15.38%). Further analysis revealed that percentage of chromosomes involved in such chromosomal associations is rather low in the range of 2.05-7.44%. Chiasma frequency was also calculated in each plant and separately in the meiocytes with multiple chromosomal associations and meiocytes with only bivalents formation to see the effect of multivalent formation on chiasma frequency. Analysis of data revealed that chiasma frequency is affected due to structural heterozygosity in all the accessions depicting higher value per PMC as well as per bivalent in cases where multiple chromosomal associations are existent. Chiasma frequencies in these accessions were analyzed by using one-way ANOVA test and are found to be significantly different. This reveals a significant difference (p 0.05) between the chiasma frequencies among plants from three populations (Table 3) .
Chromosome number and its diversity
The plants of A. hispidus studied had chromosome count of 2n=30 against the previous reports of 2n=18 from Maharashtra, Western India (Gosavi and Yadav 2011) , 2n=36 from Eastern Himalayas (Mehra and Sharma 1975) , 2n=38 from Pachmarhi hills, Madhya Pradesh (Gill et al. 1980 ) and 2n= 40 from South India (Sindhe 1967) . From outside of India, only one cytotype with 2n=36 has been reported from Mexico and Columbia (Gould and Soderstrom 1970) , Costa Rica (Pohl and Davidse 1971) and Congo (Dujardin 1979) . Such a high amount of intraspecific chromosomal variability is also known in A. lanceolatus (2n=16, 18, 20, 30, 36) reported by number of workers (Mehra 1965 , Mehra et al. 1968 , Mehra and Kalia 1975 , Mehra and Sharma 1973 , Sharma and Sharma 1979 by these workers (Mehra 1965 , 1982 , Tateoka 1965 , Faruqi et al. 1979 , Ahsan et al. 1994 . Such chromosomal variation involving intraspecific dysploidy and euploidy which are quite common in grasses could be attributed to open pollination and efficient modes of natural propagation through both sexual and vegetative means.
Structural heterozygosity
Based on x=15, one of the probable basic number for Arthraxon , the presently analyzed taxon seems to exist at 2x level. The possibility of x=15 also seems to be apparent from the presence of chromosomal number, 2n=30 in A. lanceolatus and A. prionodes. It may also be mentioned here in this context that Kaur (2012) has also suggested that multiple chromosomal associations in A. prionodes with 2n=30 are the consequence of structural heterozygosity rather than polyploidy and the species with 2n=30 exists at 2x level based on x=15. Therefore, the presence of chromosomal associations of more than two chromosomes in this diploid species could be possible either due to its hybrid nature or heterozygosity for reciprocal translocations (Kumar et al. 2015) . Burnham (1956) opined that reciprocal translocations have often been considered as an important source of intraspecific chromosomal structural polymorphism. Presently such multiple chromosomal associations have been reported for the first time in wild poplations of A. hispidus. The structural heterozygotes in the species seem to produce duplications and deficiencies in the meiocytes and due to adjacent type orientations of multiple associations resulting into production of some non-viable pollen grains. Such an adverse effect of structural heterozygotes on pollen sterility has been reported in many plant species, Chrysanthemum zawadskii (Kim et al. 2008) , Artemisia parviflora , A. absinthium (Malik et al. 2010) , Astragalus chlorostachys (Rana et al. 2012) , Achillea millefolium (Singhal et al. 2014) , Tanacetum artemisioides (Singhal et al. 2016) and Anthoxanthum odoratum (Singhal and Kumari 2017) . Lopez et al. (2012) suggested that depending upon the type of orientation and subsequent segregations, the translocation significantly affect the pollen fertility. We have also been noticed that frequency of meiocytes depicting the reciprocal translocations is directly correlated with the amount of pollen fertility in this observation (Table 1) .
To estimate the level of gametic recombination in a population of any species, estimation of chiasma frequency is considered to be quite useful (Colombo 1992) . Variation in chiasma frequency in any taxon has been attributed to several factors such as physiological conditions (Rees 1962) , differences in gene expressions (Wagenaar 1964) and temperature (Dowrick 1957 , Swanson 1957 . In the grass species, increase in chiasma frequency per meiocyte and bivalents seems to be directly correlated with reciprocal translocations for structural heterozygosity as also been opined in Saxifraga diversifolia (Kumar and Singhal 2013) , A. millefolium (Singhal et al. 2014) , Anemone rivularis (Kumar et al. 2015) and A. odoratum (Singhal and Kumari 2017) . Considering the presence of reciprocal translocations in the wild plants, we opined that the translocation involved in polymorphism of chromosomes might play a role in adaptation to the varied ecological habitats as suggested in Drosophilla by Hoffmann et al. (2004) and Paeonia emodi (Wang 2013) . However, further research in this regard is necessary to improve into reasons of wide distribution of structural heterozygosity and into a relationship between heterozygosity and ecological adaptation in the species.
